), three formed with the purified proteins and the proteins exvariants, mRFP1/S146H/I161V/I197H, mRFP1/S146H/ pressed in mammalian cells where the photoactivata-I161C/I197H, and mRFP1/S146H/I161S/I197H (named ble properties were preserved. PA-mRFP1s were used PA-mRFP1-1, PA-mRFP1-2, and PA-mRFP1-3, respecas protein tags to study the intracellular dynamics of tively) exhibited the highest contrast and the longest GTPase Rab5. during the postactivation period. We and others previously analyzed the color transiThe reversibility of the photoactivation and its depentions achieved by mutagenesis and determined the dence on temperature has been previously observed corresponding crucial amino acid positions for tetrafor KFP [6]. The residues at positions 146, 161, and 197 in the photoactivatable mRFP1 mutants (Table S1 ) are similar to those found in several KFP variants [7]. The
close properties of the mRFP1 and KFP mutants suggest that the photoactivation mechanism of PAmRFP1-1 might be also similar to that described for KFP [7] . This mechanism may involve a reversible cistrans chromophore isomerization resulting in the transition from nonfluorescent (trans) to fluorescent (cis) states, where the chromophore is stabilized through interactions with residues 161 and 146, respectively.
In the fluorescent state, the PA-mRFP1-1 chromophore might be further stabilized through a mechanism suggested for GFP [12] and PA-GFP [2] whereby chromophore conjugation causes charge delocalization to the carbonyl group of Tyr65 instead of the phenolate during the photoconversion. This delocalization is followed by the anionic chromophore stabilization via interaction with side chains such as Arg95. Interestingly, among the PA-GFP variants and the mRFP1 mutants, the highest photoactivation contrast has been achieved in mutants with His146 and His197 substitutions, indicating that the histidines may have the strongest interaction with the chromophore in the photoactivated state. Residues at these positions have been shown to contact the chromophore in GFP and DsRed structures [9, 10]. Remarkably, His197 is also conserved among the KFP variants [7] . On the other hand, the PAmRFP1-1 chromophore is possibly less stabilized in the photoactivated state than the PA-GFP chromophore because one of the key stabilizing residues, Gln93 [12], is replaced with the conserved Trp93 in the red-shifted proteins including PA-mRFP1-1 and KFP variants.
Before photoactivation, PA-mRFP1-1 had a weak absorbance peak at 588 nm and a dim red fluorescence with excitation/emission maxima at 588 nm and 602 nm, respectively. After the photoactivation, a magnitude of the absorbance spectrum below 390 nm significantly reduced ( Figure 1B ). These data suggest that the PA-mRFP1-1 preparation consists of two species bearing different types of chromophores and that the violet light could cause formation of a bright red chromophore de novo in the species absorbing below 390 nm. Similar properties were documented for Kaede, where a red chromophore formed from the precursor absorbing at 380 nm [5]. Thus, we hypothesize that there is a similar precursor form of PA-mRFP1-1, but this form is masked by the species with neutral GFP-like 
Biochemical and Photochemical Properties
PA-mRFP1-1 photobleaching represented a monoexponential process with a characteristic half-time of 11 min, whereas mRFP1 had a two-exponential photobleaching curve (Figure 2A ). The value of the characteristic half-time was about one third of an apparent total photobleaching half-time of mRFP1 and was similar to the photobleaching half-time of its fast photobleaching component. These data indicated that photoactivated PA-mRFP1-1 consisted of the homogeneous species, whereas the mRFP1 population consisted minimum of two types of red species, as has been previously suggested [8].
The pH dependencies of PA-mRFP1-1 red fluorescence before and after photoactivation were measured after 10 min of the violet irradiation (100 W mercury lamp). Both emissions significantly increased at acidic pH ( Figure 2B , inset). The ratio of fluorescence intensities after and before photobleaching had two peaks, one in the acidic and another in the alkaline region (Figure 2B) . The photoactivation contrast at these conditions of photoactivation was 2.2-fold and 1.3-fold higher at the mild-denaturing pH (5.0-5.5 and 9.5-10.0, respectively) as compared to the contrast achieved at the physiological pH (7.0-8.0). The apparent pK a value was 4.4. Interestingly, the background red fluorescence increased at elevated temperatures ( Figure S3 ) and in the presence of moderate concentrations of chaotropic agents ( Figure S4 ). These data suggested that slight loosening of the PA-mRFP1-1 structure facilitates chro- 
